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Chemosensory perception in cetaceans remains an intriguing issue as morphological,
neuroanatomical and genetic studies draw unclear conclusions, while behavioral data
suggest that dolphins may use it for food selection or socio-sexual interactions.
Experimental approaches have been scarce due to the practical difficulties of testing
chemoreception in wild dolphins. Go/no-go tasks are one elegant way to investigate
discrimination abilities; however, they require to train the animals, thus preventing
spontaneous responses and hence the expression of preferences. Here, we aimed
at testing potential spontaneous responses to chemical stimuli and developed novel
procedures. First, we conducted a study to test whether captive dolphins respond to
a biologically relevant smell. Therefore, we placed dead fish within an opaque barrel at
the border of the pool and counted the number of respirations at proximity as an indicator
of investigation. The same dead fishes were presented several times during experiments
lasting three consecutive days. From the second day on (i.e., when the odor composition
changed), dolphins breathed more often close to the fish-smelling barrel than close to
the visually identical but empty control barrel. Second, we conducted a study to test
whether dolphins are able to discriminate food flavors. Captive dolphins are commonly
provided with ice cubes as a source of enrichment. We took this opportunity to provide
ice cubes with different flavors and to compare the reaction to these different flavors as a
measure of discrimination. Hence, we used the latency of return to the ice cube begging
spot as a measure of discrimination from the previous ice cube flavor. Thus, our method
used a non-invasive and easily replicable technique based on the spontaneous begging
responses of dolphins toward more or less attractive items bearing biological relevance.
The procedures used enabled us to show that dolphins may discriminate odors and
flavors respectively.
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INTRODUCTION
Although chemoreception plays an important role not only
for terrestrial species, but also for animals with an entire or
semi-aquatic lifestyle (Nevitt et al., 1995; Catania, 2006; Davis
et al., 2006; Hara, 2006; Endres and Lohmann, 2012), it has
drawn little attention in research on cetaceans. In dolphins,
few studies have been performed compared to other sensory
modalities (see Kremers et al., 2016), and their results are
contradictory.
On the one hand, several authors posit that some cetacean
species have lost their nasal (Kishida et al., 2007) and oral
chemoreception (Jiang et al., 2013) in the course of evolution,
as airborne odorants may be considered irrelevant due
to their aquatic lifestyle (Thewissen et al., 2011). Firstly,
corresponding anatomical structures are rudimentary or
absent, at least in adult animals. In the nasal cavity of
toothed whales, the cribriform plate of the ethmoid bone
and ethmoturbinals are absent (Pihlström, 2008). In their
oral cavity, no taste buds were found on the tongue or other
body areas of various odontocete species (Kuznetzov, 1990).
However, the number and/or age of individuals investigated is
usually unknown or very limited. Secondly, central structures
devoted to olfaction are rudimentary or absent. The olfactory
nerve [cranial nerve (CN) I] seems to vanish during early
ontogenesis (Oelschläger and Buhl, 1985). The main and
accessory olfactory tracts are completely absent in toothed
whales, and absent or considerably reduced in baleen whales
(Oelschläger, 2008; Pihlström, 2008). Thirdly, olfactory receptor
(OR) and taste receptor genes are mostly pseudogenised or
entirely absent in Odontoceti (Kishida et al., 2007; Jiang et al.,
2013).
By contrast, numerous studies argue in favor of functional
chemoreception in cetaceans. Firstly, chemoreceptive cells were
found in the frontal and vestibular sac (close to the blowhole)
of harbor porpoises (Behrmann, 1989), perhaps enabling some
kind of chemical sensation in this species. Moreover, taste buds
were found in younger individuals of the same species that were
previously described as not having themwhen investigating adult
individuals (Yamasaki et al., 1978; Behrmann, 1988; Kuznetzov,
1990). Other studies did not describe taste buds, but found
marginal and vallate papillae on the tongues of dolphins, known
to be potential locations of taste buds (Kastelein and Dubbeldam,
1990; Werth, 2007). Secondly, Odontoceti were found to possess
a well-developed olfactory tubercle (Oelschläger and Oelschläger,
2009) and bottlenose dolphins possess prominent olfactory
lobes possibly activated by the trigeminal nerve (CN V; Jacobs
et al., 1971). This nerve is very well developed in dolphins
(Oelschläger, 2008) and necessary for odor location in humans
(Kleemann et al., 2009). It was proposed that in dolphins CN
V might provide a pathway to transmit impulses from the
oral cavity to the brain (Oelschläger and Oelschläger, 2009),
called trigeminal chemoreception (Kuznetzov, 1990). Unlike
other mammals, where cranial nerve VII innervates the taste
buds of the tongue (Purves et al., 2001), this nerve does not
seem to be involved in dolphin chemoreception but rather in
acoustic signal production (Oelschläger, 2008). However, cranial
nerve V is, just as cranial nerve VII, able to excite the gustatory
neurons in the nucleus of the solitary tract in the medulla (Purves
et al., 2001; Boucher et al., 2003). Thirdly, although OR genes
are reported to be functionally reduced by pseudogenization
in Odontoceti (Kishida et al., 2007), bottlenose dolphins in
particular possess 23 G protein-coupled OR genes that are not
pseudogenized, thus potentially functional (SEVENS database
of G-protein coupled receptor genes; available at: http://sevens.
cbrc.jp/search.php?db=ttru&level=4). Similarly, taste receptor
genes were found to be mostly pseudogenized in Odontoceti:
in bottlenose dolphins sweet, umami, bitter and sour taste
receptor genes were found to be inactivated, whereas salty taste
receptor genes are intact and potentially functional (Jiang et al.,
2013; Feng et al., 2014; Kishida et al., 2015). Finally, go/no-
go behavioral tests with trained bottlenose dolphins showed
that they can perceive sour, bitter and salty tastes nearly as
well as humans (Nachtigall and Hall, 1984; Friedl et al., 1990;
Kuznetzov, 1990). The authors of these behavioral studies noticed
that dolphins were able to perceive orally what other mammals
perceive by smell wherefore they called this perception “quasi-
olfaction” (Kuznetzov, 1990) or “water-borne sense of smell”
(Nachtigall, 1986). Taken together, this second set of studies
suggests that cetaceans might have, to some extent, access to
chemosensory information through the olfactory (Thewissen
et al., 2011) and/or taste systems (Watkins and Wartzok,
1985; Pihlström, 2008). As anatomical, neuroanatomical, and
molecular evidence draw unclear conclusions, behavioral studies
are needed.
Obviously cetaceans are difficult to study, especially in
their natural habitat where they are difficult to find and to
follow, and controlled experiments are often hardly feasible.
Therefore, we present two promising experimental approaches
for initial behavioral studies on olfaction and gustation in
captive dolphins. Given the complex but sometimes subtle
behaviors displayed by dolphins in response to internal or
external stimuli, go/no-go tasks are one elegant way to
investigate chemoperceptual abilities; however, they require
to train the animals, thus preventing spontaneous responses.
Therefore, the go/no-go paradigm is not optimal to investigate
preferences because it imposes time-consuming training of
animals and minimizes the measurement of spontaneously-
expressed preferences. As we aimed at testing potential
spontaneous responses to chemical stimuli, we developed and
tried novel methods. First, we conducted a pioneer experiment
to test for odor perception. We assumed that biologically
relevant odors should be intriguing for the dolphins, especially
when food-related. Therefore, we predicted that, if dolphins
were capable of perceiving odors, they would express some
“sniffing”-like behavior (i.e., taking more breaths) within
the range of the odor source. Second, we investigated the
flavor discrimination abilities of dolphins, predicting that, if
dolphins were capable of perceiving flavors, they would behave
discriminatively in response to control vs. flavored ice-cubes,
and that they would discriminate different flavors along either
sensory features involving their source (i.e., fish vs. non-
fish) or along previous exposure to the stimuli (familiar vs.
unfamiliar).
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STUDY I: OLFACTION
Materials and Methods
Study Subjects and Housing Conditions
In May and June 2013, we studied six captive-born bottlenose
dolphins (Tursiops truncatus, Montagu, 1821) in the
delphinarium of Planète Sauvage (Port-Saint-Père, France):
four males (aged 5, 8, 14, and 29 years) and two females (aged
5 and 12 years). The three oldest dolphins had been housed
together for more than four years when the study took place and
participated also in the study on gustation; the three youngest
dolphins arrived in the facility one year before the study took
place.
Overall, this outdoor facility consists of four pools, covering
2000m2 water surface and containing 7.5 million liters salt water
cleaned with ozone (without any chlorine). The diet of the
dolphins was composed of frozen-stored fresh herring, capelin,
sprat, mackerel, blue whiting and squid. The species composition
of the diet changed on a daily basis, but contained at least three
different fish species each day. A daily ration of 5–10 kg per
individual (depending on its weight) was given throughout the
day during eight feeding sessions (approx. 15min lasting), the
first at 9:00 a.m. and the last at 5:00 p.m. These feedings were
conducted by the dolphin trainers, using the food as primary
reinforcement for medical training (e.g., acceptance of inspection
and palpation of all parts of the body or being touched bymedical
equipment) as well as training for public shows (e.g., jump on
command). The trainers gave the food directly into the mouth of
the dolphin. During the experiment, dolphins were together as a
group and free to move.
Stimuli
One kilogram of mixed fish (herring, capelin, sprat, mackerel,
and whiting) and squids (hereafter referred to as “fish”) that were
defrosted during the night preceding the first day of each one of
the three experiments were used as odor source and were actually
those destined to feed the dolphins. Mixing species was done to
avoid responses biased by potential individual preferences. The
fish was placed in a familiar opaque plastic barrel (height: 26 cm;
diameter: 17 cm), perforated all around with 40 small holes
(diameter: 3mm), that was familiar to the dolphins (Figure 1).
The inside surface of the barrel was covered with a black plastic
bag to avoid visual cues and any leak into the pool. The barrel was
placed uncovered at the edge of the pool, simultaneously with a
second, identical but empty control barrel. The two barrels were
8m away from each other (linear distance) and the position for
fish/control barrel was randomly changed between sessions that
lasted 10min. The dolphins never had physical contact with the
barrels and their top opening was too high for them to look inside
even when raising their heads out of the water. Thus, vision and
touch were excluded as conveyors of cues to differentiate both
barrels.
Data Collection
The same fish were presented to the group of dolphins on
three consecutive days (thus producing an increasingly intense
odor of rotten fish) with two sessions per day with the
FIGURE 1 | Opaque plastic barrel used in the pilot study on olfaction in
dolphins.
largest possible time interval between experimental and feeding
session. Three days made up for an experimental section. Three
sections were done in total with a new mixture of fish each
time, leading to 18 sessions in total over 9 days (Table 1).
During a section, the fish was stored at room temperature to
facilitate the change in odor composition. This change was also
detectable for humans who could discriminate between the fish
and the control barrel based on their smell only. During the
experimental sessions, that lasted 10min, each barrel was video-
recorded with a Sony HDR-XR155 video camera and neither
the experimenter nor another person was close to the pool. An
observer blind to the content of the barrels then analyzed the
videos.
As no previous studies on olfaction in dolphins were available,
we had no information on how a possible reaction of a dolphin
toward an odorous stimulus might look like. As the perception
of odorants is affected by breathing patterns in other mammals
(e.g., Saslow, 2002), we chose to count the number of respirations
for each dolphin within a range of 2.5m around either barrel.
Respiration was defined as a visible and audible opening of
the blowhole above the water surface. Individuals could be
reliably identified based on physical differences (e.g., shape of the
dorsal fin).
Data analysis
Statistical analyses were run using R software (version 2.15.0,
R Development Core Team, www.r-project.org). We calculated
a Respiration Bias Index (RBI) using the following formula:
(#Respifish−#Respicontrol)
(#Respifish+#Respicontrol)
, resulting in RBI values ranging from +1
to −1. Thus, positive RBI values indicate a bias in respiration
activity toward the fish barrel (i.e., dolphins breathe more often
in the area around the barrel containing fish compared to
the control barrel). Accordingly, negative RBI values indicate
a bias in respiration activity toward the control barrel (i.e.,
Frontiers in Ecology and Evolution | www.frontiersin.org 3 May 2016 | Volume 4 | Article 50
Kremers et al. Chemoreception in Dolphins
TABLE 1 | Chronological sequence of stimuli presentation (position for fish/control changed randomly between sessions).
Section 1: 22–24 May 2013 Section 2: 11–13 June 2013 Section 3: 17–19 June 2013
position A position B position A position B position A position B
Day 1: midday fish control fish control control fish
Day 1: afternoon fish control control fish fish control
Day 2: midday control fish control fish fish control
Day 2: afternoon control fish control fish control fish
Day 3: midday control fish fish control fish control
Day 3: afternoon fish control fish control control fish
dolphins breathe more often in the area around the control
barrel compared to the barrel containing fish). This kind of
index is common for example in primate laterality studies
(Hopkins, 1999). As odor composition changed on a daily
basis due to fish decomposition, we tested whether there
was a direct relationship between RBI and day with a
Wald test on a Linear Mixed Model (ANOVA for repeated
measurements; n = 8, α = 0.05; R-package: lme4).
Sections were considered as replicates and therefore treated
as random factor. Identity of the dolphins was taken into
account by treating individual as random factor in the
model.
To further investigate this relationship, we compared the
number of respirations between fish and control for each day
separately with two-tailed Wilcoxon signed rank tests (n = 6,
α = 0.05). To ensure that dolphins did not differ in respiration
activity between the 3 days of the experimental sections, we
additionally compared the total number of respirations (i.e., no
matter which odor) between all days with two-tailed Wilcoxon
signed rank tests (n = 12, α = 0.05). For the tests, we summed
up each individual’s values obtained during the sessions of the
first, the second, and the third days, respectively, of the three
experimental sections. Respiration values in the text and figure
are given as mean ± standard error and refer to the session’s
duration of 10min.
RESULTS
There was a linear relationship between the Respiration Bias
Index (RBI) and the day of the experiment (mixed LM:
χ
2 = 3.877, P = 0.0489). The Figure 2 shows, that the bias of
dolphin respiration activity toward the fish barrel increased over
the course of the experiment.
On the first day, the number of respirations toward the barrel
containing fish vs. the control barrel did not differ significantly
(fish: 6.5± 1.6; control: 11.8± 3.1; P = 0.063, V = 20). However,
the dolphins breathed significantly more often in the area around
the fish-smelling than in the control situation both at the second
day (fish: 13.5 ± 1.3; control: 5.5 ± 0.5; P = 0.036, V = 0) and
at the third day (fish: 16.8 ± 1.9; control: 4.8 ± 1.0; P = 0.031,
V = 0; Figure 2). Overall, the total number of respirations
(regardless the odor source close by) did not differ between the
3 days (day 1 vs. 2: P = 0.824, V = 30; day 2 vs. 3: P = 0.348,
V = 22; day 1 vs. day 3: P = 0.783, V = 35).
FIGURE 2 | Mean (±SE) number of respirations per 10min of the
dolphins in the area within a radius of 2.5m around the barrel
containing fish or the empty control barrel. The dolphins breathed more
often close to the barrel containing fish compared to the control barrel both at
day 2 and 3. Statistical difference is indicated by asterisks (*P ≤ 0.05; NS, not
significant; two-tailed Wilcoxon signed rank tests using the sums of each
individual’s values obtained during the sessions of the 3 days of the three
experimental sections).
CONCLUSION
The response of six captive bottlenose dolphins to visually
identical but differently smelling devices suggests that this species
is capable of perceiving chemosensory stimuli in air (odors).
This is, to our knowledge, the first study on spontaneous
behavioral responses of dolphins toward a potentially biologically
relevant odor. That the dolphins did not discriminate between
the fish-smelling and the control device at the first day might
be caused by the odor composition. Thus, dolphins may
respond to certain molecules whose concentrations increase
progressively in the course of decomposition, such as putrescine
(Sil et al., 2008). Alternatively, dolphins may be sensitive to some
molecules dominant at the second/third day of the experiment
due to another interest than foraging. Maybe the dolphins
simply responded because of their curiosity to the unfamiliar
stimulus, as curiosity seems to be a common personality trait
in dolphins (Highfill and Kuczaj, 2007; Kuczaj et al., 2012). For
example, the natural curiosity of dolphins and their attraction
to novelty may lead them to explore preferentially unknown
odors.
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STUDY II: GUSTATION
Materials and Methods
Study Subjects
In January and February 2012, we studied four captive-born
bottlenose dolphins in the delphinarium of Planète Sauvage:
three males (aged 8, 12, and 27 years) and one female (aged
10 years). The dolphins had been housed together for more
than three years when the study took place. For information on
housing conditions see above.
Stimuli
In the current study, we aimed at testing potential spontaneous
preferences for food flavors in a “naturalistic” setting, meaning
in conditions where dolphins may express their preferences
without going through conditioning procedures. Therefore,
we developed and tried an approach enabling to measure
spontaneous responses of dolphins to different flavors. It is
usual to provide captive dolphins with ice cubes as a source
of enrichment (Warne-Reese, 1997). We took this opportunity
to provide ice cubes with different flavors and to compare the
reaction of the dolphins to these different flavors as a measure
of discrimination. Hence, we used the latency of return to the
begging spot for ice cubes as a measure of discrimination in
the previous ice cube flavor. Informal observations of dolphins’
behavior after receiving an ice cube indicated that they hold it
in mouth and assess it orally. Thus, our method used a non-
invasive and easily replicable technique based on the spontaneous
begging responses of dolphins toward more or less attractive
items bearing biological relevance.
Ice cubes were equally familiar to all tested dolphins as they
were commonly used as part of environmental enrichment in
the dolphinarium (1–2 times per week); therefore, all dolphins
were accustomed to receive, sense and ingest odor- and tasteless
pure water ice cubes. For the present experiment, we produced
ice cubes with herring, salmon and shrimp flavors (Table 2),
originally used for human cooking (salmon/shrimp) or for
baiting fish (herring). Herring was familiar to all dolphins
through food exposure, whereas salmon and shrimp were not.
Semispherical ice cubes (basis diameter: 4 cm; height: 2.5 cm)
of 20mL each were produced with every flavor diluted in
plain mineral water (to ensure constant basic composition;
Danone “Volvic,” Paris, France). Flavorless yellow or purple
food colorants (Brauns-Heitmann Ltd. “Crazy Colors,” Warburg,
Germany) were added to homogenize the visual appearance of
the ice cubes for the dolphins and to increase their visibility
in the pool for the experimenter. To prevent any flavor-color
association by the dolphins, the colors were randomly distributed
over ice cubes carrying different flavors. Thus, the ice cubes
differed only in terms of flavor, but were visually- and tactually-
similar. Ice cube were frozen at−21.5◦C.
Data Collection
Experimental sessions were performed 1–5 times per day
between the feeding sessions (with the largest possible time
interval between experimental and feeding session) and lasted on
average 8 ± 2min. Two experimental sessions were separated by
at least 60min. During one experimental session one single flavor
was tested. The four stimuli were tested consecutively, meaning
we completed all sessions for a given flavor before testing a new
flavor: first herring, then salmon, followed by shrimp and last
control (the order of the four stimuli was chosen randomly).
All dolphins were together in the pool and when they saw
the experimenter coming, they immediately and spontaneously
approached her standing at the side of the pool. The dolphins
were free to participate, meaning that they received ice cubes
only when begging (i.e., when clearly opening their rostrum
with the head and eyes over the water surface while being
oriented to, and less than 1m away from, the experimenter;
Figure 3). This behavior was displayed only in this context and
was obviously identifiable. The experimental session started when
the experimenter took up her position at the pool (no other
person was around the pool) where she was standing with the
ice cubes next to her. The experimenter, who was familiar with
all dolphins and could reliably identify each individual based on
physical differences, never interacted with the dolphins beside
of responding to their begging by giving an ice cube. After the
display of the begging behavior, the experimenter let the ice cube
fall in the open mouth of the dolphin. Begging latency was timed
(with a stopwatch) from the moment a given dolphin received an
ice cube (contact with the tongue) to the moment it begged for a
new one. Begging latency was the only measurable parameter, as
other behaviors that occurred between the receipt of an ice cube
and the begging of a new one (e.g., playing with the ice cube) were
not clearly visible from surface as the dolphins swam around in
the pool.
Data Analysis
Statistic calculations were run using R software (version
2.15.0, R Development Core Team, www.r-project.org). As
we predicted that all dolphins would react differently to fish
(salmon/herring) vs. non-fish (shrimp/control) items or to
familiar (herring/control) vs. unfamiliar (salmon/shrimp) food,
we compared begging latencies between different flavors by
using a Wald test on a Linear Mixed Model, considering
the individual as random factor (R-package: lme4). Data have
been log-transformed prior to analyses in order to homogenize
the variances. Pairwise comparisons were performed with the
contrasts method (correction for multiple testing: false discovery
rate; R-package: doBy). As dolphins were unrestrained in this
experiment, number of ice cubes received differed between
individuals and between different tastes. However, this was taken
into account by treating individual as random factor in the
statistical analysis. Additionally, in order to control that the
varied number of received ice cubes per dolphin did not bias the
results, the same statistical tests were done with a subset of the
data, using only the first eight latencies measured per individual
and per taste (as n = 8 was the smallest total number of ice cubes
delivered; see Table 3).
RESULTS
The average latency of the four dolphins to beg for another
ice cube differed significantly between the distinctly flavored
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TABLE 2 | Flavors and concentrations used to produce ice cubes with fish and non-fish flavors.
Flavor
Herring Salmon Shrimp
Purchaised at Biomin Holding Ltd., Herzogenburg, Austria Patiwizz Ltd., Vieillevigne, France CBV Aroma, Mülheim an der Ruhr, Germany
Form powder liquid liquid
Quantity of flavor/L 6 g 25mL 2.7mL
Quantities were chosen in order to obtain a stimulus that resembled asmuch as possible the quality and intensity of the natural reference products what was assessed by the experimenter
through tasting.
FIGURE 3 | A dolphin begging for an ice cube (© B. Schaal).
ice cubes (mixed LM: χ2 = 19.16, P = 0.0003). Post-
hoc tests indicated that all dolphins took more time to come
back after receiving herring- or salmon-flavored ice cubes than
after receiving shrimp-flavored or control ice cubes (all dyadic
comparisons: 5.04 ≤ χ2 = 13.84, 0.001 ≤ P ≤ 0.037; Figure 4).
Both fish-flavored ice cubes triggered similar latencies in the
dolphins (χ2 = 0.54, P = 0.553); the same was true for the
non-fish tasting ice cubes and the control ice cubes (χ2 = 0.33,
P = 0.564). The two familiar flavors (herring and control) elicited
different latencies (χ2 = 8.64, P = 0.007); the same was true
for the two non-familiar flavors (salmon and shrimp: χ2 = 9.19,
P = 0.007).
Even when using a homogeneous subset of the data (i.e., the
first 8 latencies), there was still an effect of taste on the begging
latency (mixed LM: χ2 = 10.72, P = 0.0134). Post-hoc tests
indicated, similarly to the analysis with all data, that dolphins
came back after significantly shorter latencies after receiving
shrimp-flavored ice cubes compared to the other tastes (6.34 ≤
χ
2 ≤ 8.34, 0.023 ≤ P ≤ 0.024), whereas herring, salmon, and
control ice cubes triggered similar latencies (0.00 ≤ χ2 ≤ 0.14,
0.883 ≤ P ≤ 0.973).
CONCLUSION
Using an original method to test spontaneous preferences of
dolphins for food flavors, it was possible to show that four captive
bottlenose dolphins discriminated visually similar stimuli that
differed only by their flavor. Dolphins took more time to beg
for a new ice cube after receiving herring-/salmon-flavored ice
cubes compared to shrimp-flavored/control ice cubes, indicating
that they discriminated between fish and non-fish flavors.
Whether stimuli were familiar (herring/control) or unfamiliar
(salmon/shrimp) did not seem to influence their response. The
prolonged latency after receiving fish-flavored ice cubes can be
interpreted differently. One hypothesis is that the dolphins are
not interested in fish-flavored ice cubes, wherefore they do not
come back fast to beg for a new one. Alternatively, the dolphins
might be very well interested in those fish-flavored ice cubes,
wherefore they spend a longer time orally assessing these ice
cubes. Thus, a prolonged begging latency might reflect a longer
time spent “exploring” the flavor by the dolphin. We assume that
this second hypothesis is probable because the dolphins could
indeed be sporadically observed (when they were close enough
to the experimenter) playing with the ice cube in their mouth,
however, more experiments are needed to conclude further.
DISCUSSION
The here presented approaches allow the conclusion
that dolphins may be able to discriminate odors and
flavors respectively. Other behavioral studies on dolphin
chemoreception are rare, but show for example that bottlenose
dolphins can detect the four basic flavors nearly as well as
humans (Friedl et al., 1990). These chemoreceptive abilities
might be useful in the context of predation. Odor perception
might be used for prey location, as fish, the main prey of dolphins
(Spitz et al., 2006), do indeed emit odors (Hirvonen et al., 2000).
Although most studies on aquatic species focus on the fact that
these odors are used by prey species to detect their respective
predator fish, it seems possible that olfactory cues may play an
important role as well in the reverse case (i.e., the detection of
prey by its predator). There are also reports that some dolphins
occasionally feed on already dead prey, precisely they take fish
baits, sometimes minutes after baiting (Sumpton et al., 2010).
One can therefore wonder whether olfactory cues may contribute
to fast localization. Similarly, it has been suggested that some
Mysticeti may detect prey by using odors in air although they are
produced underwater (Thewissen et al., 2011).
Moreover, chemoreception might play a role in prey
evaluation. Free-ranging dolphins do indeed display a feeding
selectivity as they preferentially select high-energy density fish
species even though they are less abundant than low-energy
density fish species (Spitz et al., 2010). One possibility is
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TABLE 3 | Average latency to beg for another ice cube (in seconds) and number of given ice cubes for the differently flavored stimuli and for each
individual dolphin (mean ± SE; n).
Stimulus
Individual Herring Salmon Shrimp Control Overall
Amtan 120± 23 160± 32 97±33 73± 17 118±14
(♀, 10 years old) n = 17 n = 12 n = 8 n = 8 n = 45
Cecil 30± 5 30± 4 24±4 16± 1 24±2
(♂, 27 years old) n = 93 n = 109 n = 104 n = 162 n = 468
Mininos 39± 5 79± 32 26±3 95± 22 49±6
(♂, 8 years old) n = 86 n = 8 n = 9 n = 18 n = 121
Peos 67± 8 43± 4 38±4 42± 5 45±3
(♂, 12 years old) n = 46 n = 70 n = 85 n = 58 n = 259
FIGURE 4 | Mean (±SE) latency [s] of the dolphins to come back and
beg for a new ice cube after receiving a herring, salmon, shrimp, or
control ice cube. Same letters indicate absence of statistical difference
(α = 0.05).
that dolphins make food choices based on visual or texture
differences. Another possibility relates to choices based on taste,
odor, or flavor differences. In line with this, salmon and herring,
the flavors eliciting longer latencies in our study, are about
1.5–2.5 times more energetic than shrimps (National Nutrient
Database for Standard Reference, US National Agricultural
Library; available at: http://ndb.nal.usda.gov/). Learned flavor
preference may also underlie the choice of dolphins for some
foods over others. In the wild, the diet of bottlenose dolphins
is primarily composed of fish (94.2% of stomach contents in
stranded dolphins), whereas crustaceans are only occasional prey
(2.0%; Spitz et al., 2006). This might be caused, aside from
differences in pelagic vs. benthic preys, by a spontaneous or
learned preference for the flavor of fish.
Finally, chemoreceptive abilities may be useful during socio-
sexual interactions. Individual recognition or mate detection
(e.g., female receptiveness) could be chemically mediated as in
many other species. It has been suggested that dolphins may
utilize chemosensory cues to gain information about another
dolphin’s physiological state, for example in reproduction
contexts (Norris, 1991; Muraco and Kuczaj, 2015) and they seem
to be able to detect the urine and feces of conspecifics (Kuznetzov,
1990). However, further studies are needed to investigate whether
and to which extend dolphins actually use chemical cues in
different contexts. Proposition on this issue can be found in
Kremers et al. (2016).
How dolphins perceive chemical cues remains unclear.
Waterborne odors can be carried in water and air what makes
them perceptible via different perception pathways. Therefore,
further investigations are required to shed light on this topic.
In conclusion, our behavioral studies provide results on
perception of odors and flavors in dolphins, thus opening
new lines of research on cetacean chemoreception. Although
the here presented methods are non-invasive, do not require
previous training (although these animals were familiar with
the barrel and used to receive water ice-cubes) and are easily
replicable, we must acknowledge some limitations. First, social
facilitation was not controlled in our setting, as dolphins were
not tested individually. Second, we used artificial flavors in the
gustation experiment and the experimenter was not blind to
the stimuli (although we made sure to control the behavior
of the experimenter best possible in order to prevent any clue
to the dolphins). Moreover, the measured parameter (begging
latency) and its interpretation (social influence of collectively
assessed animals, habituation) also raise issues wherefore the
use of the ice cubes method remains to be validated (e.g., by
blindly testing of shortly isolated individuals). Future studies,
which should consider these factors, are needed to conclude
further.
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